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@ The modern truck tank is better because 
it's welded! Welding—the jointless con- 
struction— gives greater strength with less 
weight and bulk . . . makes possible bigger 
pay-loads. The welded tank is seamless, 
smooth—inside and out—no rough spots 
for corrosion—no place for germs to lodge. 

Welding has made many good products 
better—truck tanks, refrigerators, radios, 
streamlined locomotives, metal furniture, 
and a thousand other things. You, too, 
may find it profitable to consider the ad- 


vantages in both production and sales 
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which can be gained for your product by 
jointless design-for-welding. 

Linde engineers will gladly cooperate 
with you in the design or redesign of your 
products for welding. The benefit of their 
broad experience is available from Linde 
Sales Offices located in thirty principal 
cities thrgughout the country and at 
30 East 42nd Street, New York, N. Y. 


The Linde Air Products Company 


Unit of Union Carbide and Carbon Corporation 


LINDE OXYGEN EC] UNION CARBIDE 
PREST-O-LITE DISSOLVED ACETYLENE 
OXWELD WELDING AND CUTTING APPARATUS AND SUPPLIES 
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PROFESSOR JAMES R. JACK, the author of Safety 
al Sea, is the retiring head of the Department of Naval Archi- 
tecture. Professor Jack was born in Glasgow, Scotland, in 
1866. As a youth he was employed in the Denny Brothers Ship 
Yards at Dumbarton, on the Clyde. From 1890 to 1894 he was 
a special student at the University of Glasgow, taking courses 
in ship design; then, in 1894, he was appointed a lecturer in 
Naval Architecture at the Royal Technical College in Glas- 
gow. He held this post until 1914, when he was made General 
Manager of the Denny Brothers Ship Yards, a position which 
he held until 1919 when he came to the Institute as Professor 
of Naval Architecture. For his work during the war, Professor 
Jack was decorated by the late King George V with the Order 
of the British Empire. In 1920 he was appointed Professor of 
Naval Architecture and Marine Engineering and placed in 
charge of the Department. Professor Jack was named Dean 
of Naval Students in 1923 and the year following became the 
Director of the Nautical Museum, of which he will be Hono- 
rary Curator following his retirement. Professor Jack is a 
member of the Institution of Naval Architects (London), the 
Society of Naval Architects and Marine Engineers (N. Y.), 
the Institution of Engineers and Ship-builders in Scotland, 
and is a Fellow of the American Academy of Arts and Sciences. 
Outside of his profession he has been active in the New Eng- 
land Botanical Club, of which he has been president. 


WALDEMAR B. KAEMPFFERT, who wrote Science 
and the Press, received his B.S. degree from the College of the 
City of New York and his L.L.B. degree from New York Uni- 
versity. In 1903, he was admitted to the New York bar and 
later became a registered patent attorney. He began his jour- 
nalistic career immediately upon his graduation from C.C. 
N.Y. in the position of Assistant Editor of the Scientific Ameri- 
can. He was successively Managing Editor of the Scientific 
American, Editor of Popular Science, and Science Editor of 
the New York Times. For three years he was Director of the 
Chicago Museum of Science and Industry, after which he re- 
sumed his position as Science Editor of the New York Times, 
the position he now holds. Among the numerous books that 
Mr. Kaempffert has written are The History of Astronomy and 
The New Art of Flying. 


WILLIAM S. KNUDSEN, the author of Production and 
Management in the Automobile Industry, came to America 
from his birthplace in Denmark at the age of twenty. He was 
first employed in the shipyards of New York City, and later 
worked in the Erie Railroad shops. After being a superintend- 
ent in the employ of the John R. Keim Mills of Buffalo, he 
was placed in charge of construction of assembly plants for the 
Ford Motor Company, and later became Production Manager 
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of that organization. In 1921 he was made General Manager 
of Mathews and Ireland Manufacturing Company. After 
holding this position for a year, he was appointed Vice-Presi- 
dent and later President of the Chevrolet Motor Company. 
At present Mr. Knudsen is Executive Vice-President of 
General Motors Corporation, in which capacity he has super- 
vising control of all General Motors automobile and body 
manufacturing activities. 


PROFESSOR GEORGE R. HARRISON, who wrote 
Atom-Probers, is the Director of the Research Laboratory of 
Experimental Physics. He was graduated from Stanford Uni- 
versity with an A.B. degree in 1919; his A.M. degree in 1920, 
while he was an instructor in Physics; and his Ph.D. in 1922. 
For two years following he was a National Research Fellow at 
Harvard; after which he went back to Stanford as an assistant 
professor of Physics, and in 1927 he was advanced to Associate 
Professor. Three years later he accepted the position of Pro- 
fessor of Physics at the Massachusetts Institute of Tech- 
nology. Professor Harrison is widely known in the field of 
spectroscopy as the inventor of the “interval sorter,’ a°‘ma- 
chine which automatically determines the energy levels of 
atoms or molecules from the spectrum lines they emit. He has 
also developed, in connection with his investigations, a ma- 
chine for measuring the wave lengths of spectrum lines di- 
rectly from the spectrograms and for making all necessary 
corrections and computations automatically. Professor Har- 
rison is a Fellow of the American Physical Society, the Optical 
Society of America, the American Association for the Ad- 
vancement of Science, and the American Academy of Arts and 
Sciences. 


JAMES A. TOBEY, ’15, the author of Milk Inspection Pro- 
tects Health, was graduated from the Massachusetts Institute 
of Technology with the degree of B.S. and Dr. P.H. He re- 
ceived his L.L.B. degree from Washington Law School, and 
his M.S. degree from Amherst University. Mr. Tobey has 
worked as a member of the staff of the New Jersey State De- 
partment of Health, Assistant Director of the Health Service 
of the American Red Cross, and with the National Health 
Council in Washington, D. C. During the World War, Mr. 
Tobey served as a first lieutenant in the Sanitary Corps, and 
is now a major in the Sanitary Reserve. In 1922 he was ad- 
mitted to the Washington, D. C., bar, and in 1928 to the New 
York State bar. For ten years he has been the director of the 
health service of the Borden Company. Mr. Tobey has kept 
in touch with education by lecturing on Public Health Law at 
the Yale School of Medicine, Harvard School of Public 
Health, Columbia, and the Massachusetts Institute of 
Technology. 
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OF AN OPTICAL SYSTEM 


Whether for a simple hand magnifier or for 
some highly specialized and intricate appar- 
atus to trace the track of an electron, each 
Optical System has its beginning in the 
Bausch & Lomb Scientific Bureau. 

In all the world there is no other group of 
men such as this. Rich in the scientific back- 
ground of 83 years of accumulated exper- 
ience, with unmatched resources and unsur- 
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passed production facilities at their com- 
mand, these men interpret optical laws in 
terms of material accomplishment—for you 
to use and profit thereby. 

The outstanding success of this scientific 
group in the fields of Experimental and Ap- 
plied Optics explains in part why “Bausch 
& Lomb” is recognized the world over as 
America’s Leading Optical Institution. 


& LOMB 


OPTICAL COMPANY, 635 ST. PAUL STREET, ROCHESTER, N. Y. 


FOR YOUR GLASSES, INSIST ON B & L ORTHOGON LENSES AND B & L FRAMES 
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New Understanding Brings 


SCIENCE AND PRESS 


By WALDEMAR KAEMPFFERT 


Science Editor, The New York Times 


COMMUNITY gets precisely the kind of newspapers 

that it can digest. The faults of journalism are the 

faults of our culture. If ninety percent. of a city’s in- 

habitants are more interested in horse races, divorce 
scandals, crime, gossip than in electrical engineering or atomic 
physics, then it is of horse races, divorce scandals, crime, and 
gossip that they will read. According to Frederick Adams 
Wood, who used to lecture on human heredity at M.L.T., only 
two percent. of any population supplies leaders in law, en- 
gineering, commerce, and politics. It is no statistical accident 
that the foremost newspaper of the United States should have 
a daily circulation of 375,000, which is about two percent.of 
the literate in the metropolitan region. There are cultural 
strata in every community; there are newspapers for each 
stratum. By their newspapers may com- 
munities be judged. 

It is the function of a newspaper to 
publish news. A truism? Yes, but it 
needs restating. Publishers of newspap- 
ers sometimes forget it. Hence the re- 
liance on comic strips and columnists to 
win and hold readers. It is easy to find 
comic strips and publish witty columns. 
But news? It is hard to gather, hard to 
appraise, hard to present for the many. 
It must be judged both quantitatively 
and qualitatively. For news must be 
abundant, varied, and accurate. 

But what is news? Anything that 
satisfies human curiosity. The editors 
will agree on the news value of King 
George’s death, the racial policies of the 
Nazis, Mussolini’s activities in Ethiopia, 
the kidnapping of a millionaire, the de- 
cision of the Supreme Court on the con- 
stitutionality of the National Recovery 
Act, the assassination of a Balkan king 
in Marseilles, the outcome of a prize 
fight for the heavy-weight champion- 
ship of the world. But the cosmic rays 
or the neutron? Only in recent years 
have they begun to realize that the dis- 
coveries made in scientific laboratories, the new advances in 
engineering are news—great news, perhaps the greatest news 
of our time. Some twenty years ago there were only five so- 
called science editors in the country. Now there are five times 
that number. The numerical increase is an omen. 

Despite this growth of the news interest in science there is 
still much inadequate reporting of the discoveries made by 
great physicists and biologists. The reasons are two. One is the 
tradition that a good reporter can write on anything from the 
collision of two trains to the transmutation of matter. The 
other is that “human interest’ comes before everything. 

Both of these tenets are repugnant to every scientist, apart 
from the manner of presentation. He wants facts. He insists 
that a man must know what he is writing about. “Human in- 
terest”’ entertains him, as it does every normal being. But in 
science, especially in physics, humanity counts for nothing. 
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News is sometimes the product of 
the laboratory. 


Into Mutual Respect 


Every first-class astronomer prays nightly: ‘Please God, do 
not let us discover evidence of intelligent life on Mars.”’ Life, 
especially human life, is a nuisance in the exact sciences. If 
there were intelligent beings on Mars—super-engineers who 
can dig canals as the late Professor Percival Lowell postulated 
—the door would be opened wide for speculation. 

Only the editors of the great metropolitan dailies have 
learned to accept this view. Hence the insistence on factual 
reporting by specialists. As a result we hear less of the mythi- 
cal “wizards” of the laboratory and more about the meaning 
of discoveries in the onward sweep of culture and of society. 
Neutrons, electrons, protons, atomic numbers and masses, 
the expanding universe—they are the principals in exciting 
articles that sometimes ““make’”’ the front page. 

All this is part of the journalistic 
trend toward specialization. Despite the 
best efforts of newspapers to avoid the 
departmentalization of their journals 
the specialists will not be denied. Finan- 
cial editors, sports writers, dramatic 
critics, book reviewers, commentators 
on motion-picture plays, music writers, 
automobile editors, art critics, society 
columnists—their number is already 
legion. There are still brilliant reporters 
who write on politics and football with 
equal facility. But the day of the uni- 
versal genius is definitely over on the 
great dailies. This applies to editorial 
writers as well as to reporters. A re- 
porter is supposed to state only the 
facts. But the editorial writer expresses 
opinions. He is a critic. And as a critic 
he of all men must know the facts, and 
he of all journalists must be a specialist. 

The universities may well claim some 
of the credit for the higher standards 
now set by popular scientific journalism. 
There was a time when a physicist or a 
biologist regarded himself as an Egyp- 
tian high priest. “This is my temple,” 
he said in effect to the reporter who 
crossed the threshold of the laboratory, ““do not defile it with 
your presence.”” He would rarely stoop to write a popular 
article even for a monthly magazine. There is less of that 
aloofness now. The professor willingly gives a little lecture 
over the telephone on astrophysics in response to a request for 
information, especially when he is assured that he will not be 
quoted. From the press bureaus of the great universities come 
well-prepared, simply worded statements that make the 
science reporter's task easier. If he has a literary conscience, 
if he takes any pride in his own work, he will not copy a 
“hand out’’ word for word. It is a foundation on which a 
specialist can build without distorting the facts and yet im- 
part a flavor of his own. 

So it is with the great corporations. Some’ of the finest 
scientific work of our time is done in their laboratories. They, 
too, are creators of news. Their publicity departments know 
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It goes through the copy desk 


it, conducted as they are by ex-newspaper men; and so it hap- 
pens that the corporation press agent often sends out an- 
nouncements about new vapor lamps, developments in tele- 
vision, remarkable plastic compounds—announcements as 
important as those that come from the universities. Unfor- 
tunately, the corporation ballyhooers are under constant pres- 





—after having been through an editorial conference. 
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sure from sales promotion departments. Hence a 
slightly improved sad iron is acclaimed as fer- 
vently as if it ranked with the invention of the 
telephone. The newspapers find no difficulty in 
sifting mere advertising from scientific news. Be- 
cause they have no such eye for the main chance 
and because they are under professional control 
(so far as approval of their utterances is con- 
cerned) the university publicity men fare better. 

There is also Science Service, a non-profit-mak- 
ing agency which was founded by the Jate E. W. 
Scripps, himself a newspaper owner, to dissemi- 
nate the news of the laboratory and the observa- 
tory. It does its work well and is especially useful 
to the small-town papers. But the large dailies 
rely more on their own staffs of specialists. 

Then comes the Associated Press, which has of 
late years, paid more and more attention to 
science and technology. Its staff is still so sma!l 
that it does not pretend to cover thoroughly the 
vast field of science from mathematical physics 
to genetics. It misses more good science news than 
it transmits over its wires. Moreover, it is ham- 
pered by the necessity of dealing with 1200 news- 
papers ranging from the best to the worst, from 
the largest to the smallest. How fortunate are the 
science writers of the New York dailies in com- 
parison! They can discuss Einsteinian mass- 
energy equivalents, the transmutation of bis- 
muth into radium E in terms of atomic numbers 
and masses and soar in what is at least the strato- 
sphere if not the heaven of scientific journalism. 

Lastly there are the scientific and engineering 
conventions at which important papers are read. 
Usually a press bureau sees to it that abstracts 
are handed out and the papers themselves made 
available if need be. Even a technically untrained 
reporter can go far with the aid thus lent. He may 
fail to see the significance of some paper because 
of a forbidding technical title, but there is no ex- 
cuse for inaccuracy on his part. 

And yet despite all these facilities science reporting is still 
in a primitive stage. The men are for the part technically un- 
trained. They must cover too wide a field. To leap from the 
Jeans-Eddington hypothesis of the annihilation of matter in 
stars to anthropology—breathes there the man who can do it 
and not start in his sleep, wondering for what error he will be 
reproved by some captious writer of letters to the editor? 

The day is coming—and it is not so very distant—when at 
least two pages will be devoted every day to science and tech- 
nology in a first-class newspaper. There will be a demand for 
technically trained specialists. Instead of one or two men,the 
scientific reportorial staff will comprise a dozen, each a Ph.D. 
perhaps, each certainly a graduate of a technical school or of a 
university where he has specialized in some science. 

But a new public is also needed. The one we have is ap- 
pallingly ignorant of even the elements of science, despite the 
homespun knowledge it has acquired of household electric 
circuits, automobiles, and cameras. The reporters and the 
editors must now rack their brains for similes, word pictures, 
analogues. How is relativity to be explained to readers who 
vannot think in terms of anything but Euclidian space? How 
are the tenets of wave mechanics to be driven home? How 
can the discovery of the positron be linked with Dirac’s math- 
ematical prediction of its existence by methods still so recon- 
dite that only a few experts in the field of higher mathematics 
understand them? The science writer is not equipped by train- 
ing or knowledge (with perhaps three exceptions on all the 
papers in the country) to understand the mathematical argu- 
ment. And if he were, his public would fail him. He finds him- 
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self in the position of a man who is asked 
to explain a new symphony in words. It 
cannot be done. There is nothing for it but 
to summon the orchestra and play the 
score—nothing for it but to print the equa- 
tions. Like music, mathematics is a lan- 
guage in itself. 

And yet, such are the strange turns of 
journalistic fate, that equations sometimes 
are printed. When for example Einstein’s 
first attempt at a unitary field theory be- 
came known the whole mathematical argu- 
ment, symbols and all, was cabled across 
the Atlantic for publication in New York. 
It required an expert at the transmitting 
end to reduce the equations to a form that 
could be transmitted and another at the re- 
ceiving end to relate them properly to one 
another in the final “‘copy.’’ Yet not twenty 
readers out of the hundreds of thousands 
who saw the theory thus scientifically ex- 
pounded could understand what appeared. 
Here is ‘“‘news interest’’ pushed to the ex- 
treme. When relativity was first discussed in any paper 
thirteen years after the special theory had become familiar to 
every good mathematical physicist, be it noted—the baffled 
reporter could do little more than write of a mysterious revo- 
lution that had occurred in human thinking. Time-space? 
Fourth dimensions? Light from a star bent aside by the sun 
on its way to the earth? No wonder he was staggered. 

Since the advent of Einstein he has had much harder things 
to worry about—the puzzles of nuclear physics, for example, 
the theories of de Broglie, Schroedinger,and Heisenberg. He 
becomes aware not only of his own deficiencies but of those of 
his readers’ too. 

The difficulties of popularizing mathematical physics will 
never be overcome. But it is something that newspaper editors 
and reporters are beginning to realize that a description of 
Einstein as a bright-eyed, absent-minded man with white 
fuzzy hair, who smokes an English pipe and talks on pacifism 
now and then is not an elucidation of rela- 
tivity. What shall be done in the absence of 
a mathematically educated public? Dwell 
on the philosophic consequences. It is what 
Russell, Jeans, Eddington, Reichenbach, 
de Sitter, and others have done to explain 
the new systems of mathematical logic. 
There is no other formula. 

But this in turn brings us back to the 
public. And the public, in this case means 
not the devourers of the “‘he-and-she”’ 
stories of the tabloids but the college 
graduates, the engineers, the business men, 
the educated class. Yes, even the scientists. 
For what does the geneticist know of quan- 
tum theory? Or the botanist of astrophy- 
sics? Or the engineer of biology? 

It is evident that we face here a problem 
in education. The newspapers are helpless. 
They are not free of all responsibility; for 
they, too, educate in their way. It is to the 
high schools, the universities that we must 
look for a new type of newspaper reader, 
the type that can understand good science 
reporting and sound editorial comment on 
science. 








It is then cast in metal in the composing room (above) and printed 


with high speed presses (right). 
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Fast trucks distribute the papers to the local newsdealers. 


Must the whole world, then, receive an education in phys- 
ics, chemistry, biology, and geology if science is to be more 
effectively treated in the press? Hardly. It is not the business 
of the English department of a college to turn out poets and 
dramatists or of the history department to make historians 
of students. English, history, economics are taught as cultural 
subjects. So should it be with science. Some instruction in ele- 
mentary science is clearly necessary. But after that should 
come lectures on the history of science, some effort at corre- 
lating philosophy with physics, chemistry, and biology, some 
revelation of the manner in which the human mind has pro- 
gressed in its thinking about. matter, trees, stars, the winds, 
the universe and life since the day when the first primitive 
savage saw the sun rise out of the east and plunge into the 
ocean on the western horizon. There are old cries to be an- 
swered—cries that have been wrung from human throats ever 
since there were brains and voices. What does it all 
mean? Why am I here? 
They are the same old ques- 
tions. More and more is it 
the business of science to 
answer them. And in an- 
swering it must of necessity 
become philosophical. Give 
us graduates with this broad 
philosophic outlook and we 
shall have more and more 
science in the newspapers 
and better presentation. 
“Machine Universe Abol- 
ished. Chance Rules.”’Can’t 
you see the headlines on the 
front page, if the universi- 
ties would only forget that 
science is not made for sci- 
entists alone? 
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PRODUCTION TO MANAGEMENT 


By WILLIAM S. KNUDSEN 
Executive Vice President, General Motors Corp. 


N automobile is the product of mechani- 
cal skill and not a product of mass pro- 
duction. It did, however, take produc- 
tion to really force improvements that 

made the motor car a useful and dependable 
means of transportation. Quantity production 
brought out the shortcomings in design, for before 
the production process could be carried on eco- 
nomically, a great many things had to be smoothed 
out. It is needless to say, that the worker and car 
buyer, the industry and allied industries profited 
thereby. The birth of mass production brought 
engineering and research into an industry that 
had thrived on the practical man’s cut and try 


methods. 


The rapid growth of production after the War 
brought the conveyor into prominence, and much 
has been said about the industry’s ability to raise 
the output through this medium. The conveyor 
plays its part in the industry as a carrier of ma- 
terial, and as each car contains approximately one 
and a half tons of material, its place as a burden 
carrier is important. The idea, however, that its 
function is production is erroneous. Speed pro- 
duces nothing; accuracy in manufacturing is the 
only straight road to greater output. The problem 
in production is to have material continually on 
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Courtesy Mill and Factory 


the move from the rough to the finished 
state. Whatever is placed on the floor 
must be picked up again, but a constant 
and steady flow of production has 
lowered costs and increased the output. 


The automobile is next a product of 


organization. The job of the executive in 
any organization is heavy, and his suc- 
cess as a producer depends upon his 
ability to guide his organization along 
sound lines without divided authority 
and departmental interference. The or- 
ganization can perhaps best be likened 
to a pyramid with its four sides, com- 
prising Engineering, Manufacturing, 
Selling, and Accounting. The area of 
these four sides should, as far as brains 
and experience of its leaders are con- 


Courtesy Mill and Factory 
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cerned, be as near equal as possible. The 
object of the organization as a whole 
should be to constantly improve the 
quality of the product so as to insure 
continual public favor, adequate dis- 
tribution, and lower costs. This job is 
never done, and the constant co-opera- 
tion of the four sides is necessary to 
continue on a profitable basis. 

In the earlier years the engineering 
department was a sort of safety valve 
on production. Engineers were few, 
and mostly of the very conservative 
type. If a thing did not work, the shop 
was the place to find it out, and the 
engineering was never finished until the 
product was shipped, and sometimes 
it wasn’t finished then. Mass produc- 
tion brought higher responsibilities to 
the engineer, and tests in his depart- 
ment became an economic necessity. 
The cut and try method in the shop 
had to be abolished, and the refinement 
in tool development made possible a 
uniformity in quality and cost which 





Courtesy Automotive Industries 


was never dreamed of before. The engineer had to be 
taken into the commercial end of the business, and made 
a real part in the whole transaction from raw material 
to delivery to the consumer. In the automobile business he not 
only had to know thoroughly the mechanics of the job, but he 
had to study styling, which became an ever important factor. 

The engineer in the motor car business today is one of the 
most important factors in the company’s success. He cannot 
be a stationary engineer—the automobile business does not 
permit of it. He cannot be purely a mechanical engineer; if he 
is, he is apt to be trailing competition. He must be a highly 
progressive thinker; must be willing to travel an independent 
road; he must be a high-grade organizer; he must have a 
thorough knowledge of manufacturing costs and processes; 
and last but not least, he must sense what the customer de- 
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Plant engineering. 


mands, not only when the car is purchased, but after it has 
seen its years of service, and is ready to go on relief through the 
medium of the used car lot. The engineer today has a very 
significant part in the future of any motor car company bid- 
ding for public favor or for business. 

With regard to Engineering, it is the writer’s recom- 
mendation that a young engineer spend first a reasonable 
amount of time in the shop in order to absorb as much shop 
practice as possible, and after that, a reasonable amount of 
time on the drafting board, and in the test rooms, before 
he makes his bid for the vice-presidency of Engineering. 





organization. Let the fact that you studied 
and won your degree be the guarantee to 
your employer that you will be accurate in 
what you do or cause others to do. Let that 
be the first item on your list of resources. 
Remember the careful and accurate man is 
the fast man. Speed in finishing work is the 
result of accuracy, not of tempo. The foun- 
dation of the automobile industry today is 
accuracy, accuracy both on the drawing 
board and in the shop. 

The world today is suffering sadly from 
the lack of the combination of handicraft 
and knowledge. If you have a technical 
problem before you, use the technical 
knowledge that you have been given in 
school and try to work it out your own way 
to a successful conclusion. Without a stu- 
dent, this world would amount to nothing. 
The right road requires a certain amount 
of perseverance. Correct design and accur- 
acy in manufacturing make high produc- 
tion possible. 

In the development of equipment and 
fixtures during recent years, the work of 
the engineer has been of very great im- 


portance. As far as the machine is concerned, he is between 
Scylla and Charybdis, so to speak. He can design one machine 
to perform a number of operations and sometimes pro- 
duce a very unsatisfactory result from the standpoint of 
shut-down time and maintenance costs, or he can so simplify 
operations that the elapsed time of completion becomes ex- 
cessive, and the distribution of operations gets out of balance. 
He must choose the middle road, and when the necessity for 
his understanding of the cost problem is stressed above all, it 
is because this is the only sure guide to this middle position. 

In plants carrying a high daily output, it should be remem- 


It is unfortunate that the average college term is not long bered always that the machine tools should be of staunch con- 
enough for the student to indulge in experiments which will struction, with solid adequate bearings, so that the fixture will 
give him the practice of transferring formulas into practical have achance to perform; in the design of fixtures, jigs, or dies, 
problems. It is wise to remember that a task well done, no this carries still further. No matter how ingenious the fixture 
matter how simple, builds character in the man who performs is, the all important factor is that it be kept running so as not 


it, and that a company is only as strong as the character of its 


Modern plant layout. 
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Strict, Careful 


MILK INSPECTION 


By JAMES A. TOBEY, 715 


Director, Health Service, Borden Co. 


HEN thefirst milk inspector inthe United States was 

appointed by the City of Boston in 1859, the event 

wasnoteworthy for threereasons. Itwasthe beginning 

of a new and important vocation, a craft that even- 
tually was to enlist thousands of cohorts; it promoted the 
public health of this somewhat morbific community; and it 
maintained the city’s enviable record as a consistent leader in 
progressive social movements. The episode was, in fact, in 
keeping with the Boston legend. 

Since the time of the famous Boston Tea Party in 1773, 
when a band of volatile citizens, appropriately disguised as 
wild Indians, and fired with zeal and certain beverages more 
potent than tea, raucously heaved some 350 bales of this ex- 
pensive commodity into the harbor, Boston has been the birth- 
place of many significant movements. Some have been highly 
creditable to the so-called, and erstwhile, Hub of the Universe, 
and some were not so creditable, but the city’s pioneer efforts 
in behalf of milk sanitation will always rank among its most 
praiseworthy accomplishments. 

Boston is distinguished not merely as the milieu of the ear- 
liest official inspector of milk and gatherer of samples of this 
lacteal fluid, but also as the first place in America where a 
bacteriological analysis of milk was made. This notable inci- 
dent occurred in 1890, in the laboratory of the late Professor 
William T. Sedgwick at the Massachusetts Institute of 
Technology. Professor Sedgwick was likewise a great sanitary 
detective, the first to trace an epidemic of typhoid fever to an 
unsuspected milk supply, a feat that he performed in 1892 at 
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Protects Health 


Springfield. Even at that time, Sedgwick was an ardent advo- 
cate of the pasteurization of milk, although this beneficial 
process was not widely accepted by physicians and adopted 
by dairymen until two decades or more later. The dairymen 
yielded to this type of scientific progress long before some of 
the conservative medical men capitulated to it. 

Honors for still another achievement in milk quality belong 
to the ancient and honorable city of Boston. In 1891 the 
Walker-Gordon Laboratories were organized in this city, for 
the unique purpose of producing milk that was clean, safe, 
and pure; milk that could be used with confidence and not 
with the customary foreboding of the times, for the delicate 
task of infant and child feeding. In this laudable endeavor, 
Messrs. Walker and Gordon had the active co-operation and 
support of the late Dr. Thomas Morgan Rotch of the Harvard 
Medical School, the most eminent pediatrician of the period. 
The Walker-Gordon Laboratories, as a unit of the Borden 
Company, is today the leading producer of Certified Milk in 
this country, maintaining extensive farms at Charles River, 
near Boston, Mass., at Plainsboro, N. J., and at Juliustown, 
N. J. 

Since the early days when scientists at M.I.T. and Harvard 
were sO prominent in initiating methods and standards for 
better milk, notable improvements have been made in the 
quality of all market milk supplies in the United States. Much 
of this improvement has been due to the activities of health 
officials, although a considerable part of the credit belongs to 
the industry itself, the leaders of which have had the acumen 
to realize that good milk is conducive to 
good business. 

Milk inspection is, however, still an es- 
sential feature of effective public health 
administration. Every year in this country 
there occur an average of about 45 epi- 
demics due to milk-borne diseases, out- 
breaks which annually cause approxi- 
mately 1600 cases and some 50 deaths. 
Most of these calamities are due to con- 
taminated raw milks of low grades, and 
most of them occur in small towns and rural 
regions. With the exception of a disastrous 
typhoid fever outbreak in Montreal in 
1927, there has not been a serious epidemic 
caused by milk in any large city in America 
for many years. High standards and rigid 
inspection have been responsible for this 
gratifying condition. 

Adequate and efficacious inspection of 
milk is necessary because milk is our most 
valuable food. It is an exceptionally well- 
balanced combination of essential dietary 
elements, but it also happens to be a good 
food for bacteria. Among the maladies that 
may be transmitted by infected milks are 


An improved type of milk bottling 
machine. 






































































typhoid and paratyphoid fevers, diarrhea and dysentery, 
septic sore throat, scarlet fever and diphtheria, tuberculosis, 
and undulant fever—a rather formidable list, but under 
modern conditions not necessarily alarming. 

These potential hazards in improperly produced milks can 
be averted by means of pasteurization, a process in which 
every particle of the milk is rapidly heated to 142 degrees 
Fahrenheit, held at that temperature for thirty minutes, and 
then cooled to less than 50 degrees Fahrenheit. An alternative 
method of pasteurization is by heating to 160 degrees Fahren- 
heit for fifteen seconds, followed by immediate cooling. Pas- 
teurization destroys about 90 percent. of the bacteria in milk, 
including any of a pathogenic, or disease-producing, nature 
that might be present. 

Supervision of pasteurization is one of the important duties 
of a milk inspector, since about 88 percent. of all milk supplies 
in cities of 10,000 or more population in the United States are 
now pasteurized, a wise procedure that has resulted in sub- 


stantial decreases in infant mortality and the incidence of 


various preventable diseases. Certified Milk is usually exempt 
from compulsory pasteurization because of the exceptional 
care taken in the production of this leading grade of milk, 
which is under the direct supervision of milk commissions 
appointed by county medical societies, as well as under the 
general contro! of health departments. Certified Milk has been 
pasteurized in many cities since Boston inaugurated the 
pasteurization of certified milk in 1928. 

Milk inspectors are usually recruited from the professions 
of veterinary medicine, sanitary engineering, and agricultural 
science, although occasionally they may be drawn from the 
ranks of chemistry, medicine, or sanitary biology. In view of 
the technical features of modern dairy sanitation and inspec- 
tion, a milk sanitarian should preferably be a university 
graduate, although some of the best inspectors now employed 
have been taught only in the exacting school of experience. 

In the larger cities there is generally a division of milk 
control in the municipal health department, and also a well- 
equipped laboratory where technicians other than the milk 
inspector make chemical and bacteriological analyses of 
samples of milk and dairy products. In smaller communities, 
the health officer or assistant health officer is often also the 
milk inspector and laboratory technician, acting as a sort of 
sanitary jack-of-all-trades. Frequently a state or county 
health department exercises hygienic control over the milk 
supplies of small towns, villages, and rural sections. The ex- 
tent of milk control operations in a large city is shown by the 
fact that the New York City Health Department has a 
corps of nearly 50 supervisors and field men on this particular 
work. 

A milk inspector must be a versatile individual, well- 
grounded not only in dairy science, sanitary engineering, 
biology, hygiene, and epidemiology, but in the arts of di- 
plomacy, education, and social science. As a former president 
of the International Association of Dairy and Milk Inspectors 
once remarked, “Dairy inspectors should possess tact, per- 
serverance, knowledge, energy, and courage. The bullying 
dictatorial type may enforce certain rules temporarily; but 
the greatest good and more lasting results are secured by the 
inspector who uses reason as a flame to light the path.” It is 
generally agreed today that the most sapient and effective 
dairy inspector is primarily an educator and not a police 
officer. 









The duties of the milk inspector are to enforce the laws and 
regulations for the production of clean and safe milk. He must 
visit the farms where the milk is produced, checking records 
of the health of the cattle, which must be free from bovine 
tuberculosis, Bang’s Disease (the cause of undulant fever 
in humans), and mastitis, or inflammation of the udder, as 
shown by physical examinations made by licensed veterinar- 
ians. He must investigate sanitary conditions at the dairy, 
particularly the cleanliness of all the utensils employed and 
the care used in their sterilization; the methods of milking and 
of handling the milk; and the sanitation of the environment of 
the dairy. He must check the health of the employees, as 
shown by records and visible indications. 


From the dairy, the inspector must often follow the milk 
along its course, investigating its temperature while being 
held after milking, the method of delivery to a country milk 
plant, its treatment there, and the assiduity with which it is 
pasteurized and, finally, bottled and delivered. He must be 
versed in the mechanics of pasteurization, as well as in the 
biological and hygienic aspects of clean milk production. He 
must be honest, alert, forceful when necessary, facile on oc: 
casion, and above all things a gentleman rather than a bureau- 
crat and a crack-down meddler. 


Since the health department has great power in controlling 
milk in the legitimate interests of the public health, and may 
summarily prohibit the entry into a city of a dangerous milk 
supply, or may seize and destroy impure milk, the inspector 
obviously reflects this authority. If, however, he acts in an 
arbitrary, oppressive, malicious, or capricious manner, as 
some do now and then, he and his superior may be liable for 
his mal- or misfeasance. 


There are in this country several thousand milk inspectors 
attached to the federal government, most state health de- 
partments or state departments of agriculture, to many of the 
600 county health departments, and to practically all of the 
large city boards of health. In addition, most of the big milk 
companies have their own corps of inspectors, and endeavor 
to keep a few jumps ahead of the health authorities at all 
times. Most of the modern milk regulations are, in fact, a 
direct outgrowth of the early sanitary standards imposed by 
such leaders in the dairy industry as Gail Borden, the Messrs. 
Walker and Gordon, and Dr. Henry L. Coit, who originated 
certified milk in 1894. 


The modern milk inspectors are supervising the output of 
more than 25,000,000 cows in this country, a production that 
amounts annually to some 50 billion quarts of milk from five 
million American farms. The dairy industry is the most im- 
portant agricultural activity in the country, yielding 20 per 
cent. of our total agricultural income. The amount paid to 
farmers for dairy products exceeds a billion dollars every year, 
which is a reasonably lavish sum, but ought to be even 
greater, since consumption of milk in the United States is 
below the optimum amount that would be most conducive to 
a general improvement in our national vitality. 


Milk inspection is, therefore, a very important function in 
American progress, especially since political and social ad- 
vancement must be coeval with public health progress. Milk 
inspection has not attained the dignity of a profession, but it 
is certainly one of the vocational guilds that is making its con- 
tribution to modern civilization. 
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ATOM — PROBERS 


By GEORGE R. HARRISON 


Professor of Physics, Massachusetts Institute of Technology 


T a recent meeting of the American Physical Society 
in New York, a prominent scientist stated that the 
‘boom in spectroscopy” was over, and that spectro- 
scopists, of whom he was one, could now have a 
“breathing spéll.’’ This statement reminded many of those 
present of the similar one made by an even more eminent 
physicist about 1890, when he announced that physics had 
practically completed its job, and all that remained to be 
done was to mop up the corners and improve the next decimal 
place. Within a few years after he had spoken, at least seven 
new phenomena were discovered, including such things as 
X-rays and radioactivity, none of which could be explained on 
the existing theories of that day. Ever since then physicists 
have been hanging on to each other’s coat-tails trying to 
catch up with the breathless succession of new discoveries and 
new explanations. And there is a feeling abroad that it is per- 
haps as unwise to make such Providence-tempting statements, 
as it is to talk about how well the tires on a car are holding up 
if you do not want one of them to go flat. 
As a matter of fact, the greatest use of spectroscopy to the 


Top: A photograph of the spectra of a 
number of chemical elements. Each of 
the 92 elements has its own particular, 
characteristic lines. It is these lines 
which enable astronomers, for instance, 
to ascertain the chemical composition 
of the Sun and stars. This is done by com- 
paring the lines of their spectra with the 
lines of all the known elements of Earth. 
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world is probably only in its beginning. There was, to be sure, 
a Golden Age of atomic physics which spectroscopic data did 
much to promote, which extended from 1913, when Bohr first 
explained how a hydrogen atom can emit and absorb light, 
until a few years ago, when increasing attention came to be 
paid to the structure of the atom’s nucleus rather than that 
of its outsides. But any sort of careful consideration will con- 
vince one that the job the physicists started when they at- 
tempted to explain how matter is built up has merely got off 
to a good beginning. 

Granting, then, that the spectroscope is still to play an im- 
portant part in the development of pure science, we must also 
take into account the present indications of a tremendous de- 
velopment of applied spectroscopy, which is just now begin- 
ning. The reawakening of activity in industry is marked by a 
search on the part of executives for new processes and new 
methods, and for men trained in using them. At the moment 
of writing, we at the Institute are unable to fill the demand for 
men trained in applied spectroscopy. 

In the chemistry laboratory of the past, the spectroscope 


Ezide News 


Left Center: Spiral Nebula in Ursa Major, 
a great galaxy of stars forming an inde- 
pendent stellar system far outside of our 
own. Right center: The Sun as seen when 
eclipsed by the moon. The Prominence 
shooting from its rim are gaseous flames 
80,000 miles high. Bottom: 60-inch re- 
flecting telescope of Mt. Wilson Observa- 
tory used to make spectrograms of the 
Sun and stars. 
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Twenty-one foot circle for diffraction grating spect#oscope. 


was usually represented by a small brass tube on three legs 
through which one looked at colored flames. Now chemists, 
both in academic and in industrial laboratories, are awakening 
to the fact that modern spectroscopic equipment is an abso- 
lute necessity if they are to take advantage of improved 
methods now available. If predictions hold, there will be 
several thousand spectrographs in the United States instead of 
the approximately eighty such installations now used by two 
dozen industries, most of which have been installed in the 


This new machine measures and com- 
putes the wave length of spectrum 
lines 20 times faster than has been 
possible. Photo-electrically, it meas- 
ures angstrom units. An angstrom 
unit is one-ten millionth of a milli- 
meter. This complex tool of science 
developed in the department of phy- 
sics at the Massachusetts Institute of 
Technology by Professor George R. 
Harrison, greatly facilitates the study 
of the structure of matter by the light 
emitted by atoms and molecules. 

















past few years. Each new spectrograph will require one man 
or more to operate it. 

The practical application of the spectroscope is of course 
not limited to chemistry. Metallurgists, engineers, biologists, 
mineralogists, and numerous others are finding that the 
spectroscope enables them to collect information faster and 
more accurately than previous methods. Even the G-men, 
super-detectives of the Federal Government, have recent[y 
been publicized as discovering the “‘spectrographic eye,” and 
were reported in at least one news- 
paper as being particularly in- 
terested in the “ultraviolent”’ 
region of the spectrum. 
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The Spectroscopy Laboratory 
at M.I.T., perhaps because it is 
air-conditioned and_ vibration 
proof, shows little evidence of 
either past booms or present 
breathing spells. At the present 
time more than eighty people (65 
of them paid from WPA funds) 
are doing spectroscopic work in 
this laboratory, and even with 
this unprecedented concentration 
of effort in the field, are unable to 
provide material and data as fast 
as needed. Undoubtedly spectros- 
copists have been so busy licking 
the frosting off their cake in the 
past twenty years that they have 








A chemist at work with a spec- 
troscope. This instrument and 
the fact that each element has 
its own lines in the spectrum 
enables the chemist to quickly 
determine the exact quantity of 
each element in chemical com- 
pounds and alloys. 


not yet eaten and assimilated 
enough of its nourishing content 
to prepare themselves for the 
second stage in the attack on the 
structure of matter. 


The primary aspects of atomic 
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structure have been fairly satis- THE ETHER Spectrum 
factorily explained with the ma- ; r _j 
terial now available. This may 
look like a completed job to a very 
academic physicist who doesn’t 
like to stray far from the fountain- 
head of pure mathematics, but it 
is very much like starting to build 
a house, and thinking you are 
done when you have laid out in 
rows some of the nails and boards | 
needed. Numerous secondary as- 

pects, such as crystal structure, sit Ls W) mw ane 1 
the magnetic and thermal proper- Bast rm Seow 

ties of certain materials, the phy- 
sical properties of alloys, should 
all be explicable in terms of the 
primary facts but are as yet only 
mildly under attack. Theoreti- 
cally, it should be possible to pre- 
dict the characteristics of any 
alloy subjected to any sort of heat 
treatment, merely from a knowledge of the structures of the 
atoms going into it. A beginning has been made on this 
problem, to be sure, but what is needed is more and better 
data of the type furnished by spectroscopists and others, to- 
gether with more knowledge of what types of approximation 
are justified in order to reduce complex cases to simple cases 
that can be handled. Sufficient progress has already been made 
to require a very small stretch of the imagination to visualize 
a metallurgist of the future planning out alloys on paper to 
produce materials having desirable characteristics for various 
purposes. 

Let us consider some of the things a spectroscope can do, 
after briefly reviewing how it works, and then see how it can 
be immediately applied in industrial processes. 

The fundamental thing that a spectroscope does, of course, 
is to break any light that is sent into its entrance slit up into 
its constituent wavelengths or colors. If it is arranged to record 
these on a photographic plate it is called a spectrograph, and 
most modern spectroscopes are used in this way. The light 
may be separated into its parts by means of a prism, or by 
means of a diffraction grating, which 
is merely a highly polished mirror 
ruled with 100,000 to 200,000 fine 
parallel grooves 1/15,000 to 1/30,000 
inch apart. When the light is spread 
out into a spectrum, an image of the 
slit is seen in each wavelength present 
in the incoming light, and these are 
called spectrum lines. Each chemical 
element gives out its own set of wave- 
lengths, and hence produces its own 
typical pattern of spectrum lines on 
the photograph, or spectrogram. By 
measuring the position of a spectrum 
line onthe spectrogram one can deter- 
mine the wavelength of the light pro- 
ducing it (often to 1 part in 10,000,- 
000), and by measuring the blackness 
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THE SPECTRUM RANGE OF WAVE LENGTHS. 
Scientific opinion is divided regarding the cosmic ray. It is thought that cosmic rays are 
electron projectiles and not high-frequency waves. If this is true, the ether spectrum 
should stop with gamma rays. 


studied in great detail for the past 50 years, but the cat- 
aloguing is by no means complete. In an attempt to bring 
this job, which should have been completed long ago, up to 
date, Institute staff members have designed and constructed 
high speed measuring and computing machinery to expedite 
the process. The output of these machines is being correlated 
and catalogued by WPA clerical workers who are thus enabled 
to do important scientific work without scientific training. 
Many elements have atoms so complex that they can emit 
tens of thousands of lines, and every time an electron is tem- 
porarily removed from an atom, which frequently happens, 
this atom emits an entirely new set of lines. It is thought that 
a satisfactory catalogue should contain about a million wave- 
lengths, each expressed to seven figures. To get this in a 
reasonable time, work in the Spectroscopy Laboratory is now 
going on in three shifts during the 24-hour day. 

It is becoming increasingly evident that the modern spec- 
troscopist must be more of an applied physicist than his pre- 
decessor, and that it is more important for him to be able to 


(Continued on page 72) 
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One of the M. I. T. vacuum spectro- 
graphs for studies in the extreme 
ultra-violet region of light. With 
instruments like this, scientists are 
learning more about atoms. Since 
air is not transparent to light in the 
short ultra-violet region of the 
spectrum, it must be studied in a 
vacuum. When air is extracted 
from this spectrograph less than 
one molecule in ten million is left. 
Outside atmospheric pressure is 
about one ton per square foot. 








of the line one can determine the in- 
tensity of the light which produced it, 
and the number of atoms emitting it. 
Hence the wavelength and intensity 
determinations give evidence of the 
kinds of atoms present and the num- 
ber of each kind. 

The spectrum lines of the 90 
known chemical elements have been 
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A grating room. Really part of a 
spectroscopic camera. The light of 
a substance being studied enters 
room through a small opening, 
strikes the grating (a metal mirror 
ruled 15,000 lines per inch. Light 
striking a grating is broken up into 
the colors and lines of spectrum), 
which reflects light at various 
angles to the photographic plates 
mounted on the racks as shown. 
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SAFETY AT SEA 


By JAMES R. JACK 


With New Devices 


Professor in charge of the Department of Naval Architecture, Massachusetts Institute of Technology 


ROM the earliest times navigation has been accom- 

panied by losses of ships and lives, and in no human ac- 

tivities have the improvements been so great in modern 

times as in this particular. The development of the ship 
in Europe took place very differently in the north and in the 
south. The northern races, particularly the Scandinavians, 
were natural shipbuilders and sailors. Their God of the sea, 
Aegir, was a “mighty king’ but not unfriendly. In this re- 
spect he was somewhat similar to the corresponding Greek 
deity Poseidon but different from the Roman equivalent Nep- 
tune who was generally antagonistic, because the Romans 
being in no sense a nautical people, hated the sea and all its 
works, although they made better use of it than most other 
races did. 

The Mediterranean trade originally was in the hands of the 
Greeks and the Semitic peoples of Carthage, Tyre, and Sidon, 
whose ships were of a clumsy build, although fairly well 
handled. Their greatest danger, however, was from pirates 
who infested the whole Mediterranean basin. In the good 
weather of the summer season they carried on a brisk trade, 
mostly coasting, since navigation was exceedingly poor. 
Coasting, however, introduced dangers from rocks and shoals 
which took a heavy toll. Generally in the winter the ships 
were all hauled out, but sometimes, if they carried on a little 
late in the season, they met bad weather and were driven 
helplessly about, the voyage then ending pretty much as St. 
Paul’s did on the Island of Melita. 

Rome, while hating the sea, learned from the Carthagin- 
ians something about shipbuilding and, with her own respect 
for law and order, put a stop to piracy. After controlling most 
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of the then known world, Rome practically established free 
trade which encouraged shipping throughout the whole 
Mediterranean. But Rome became dependent for her food on 
Egypt, Syria, and Spain, and there were heavy losses among 
the grain ships. 

The shipping of the world, however, really began to be im- 
portant when the North American continent became settled 
sufficiently to develop a valuable trade of its own, and this 
brought the center of activity from the Mediterranean to the 
northern part of Europe. Dutch and British shipping took a 
leading part until the colonies developed a fine shipping busi- 
ness of their own. The ships of this period were all constructed 
of wood and propelled by sails, both of which imposed limi- 
tations on their size and strength. Both builders and owners, 
wishing to get the largest ships possible, were inclined to go to 
larger dimensions than the nature of the materials justified. 
Marine insurance, having grown up with shipping, took the 
loss, when such occurred, off the shoulders of the owner. This 
practice encouraged many owners to take undue risks and 
even to send ships to sea deliberately with the intention that 
they should be lost. These were known as “coffin ships.” 

The tonnage laws of a century ago tended to produce a 
narrow, unseaworthy type of vessel. There was a tax on the 
square of the breadth of the ship and nothing on the depth. 
This naturally led to deep, narrow, cranky vessels to minimize 
tonnage on which harbor dues were paid. Overloading was 
universally practised and while an overloaded ship may have 
luck enough to escape heavy weather during a voyage and so 
arrive safely, sooner or later she will meet weather with which 
she is unable to cope and inevitably she will be lost. The laws 
in most countries now prevent the building of such vessels 
and the registration societies take care of the structural 
strength so that the two worst evils against safety at sea are 
now things of the past. Also, the introduction of steam and 
steel enabled the vessel to deal with weather which would have 
completely wrecked the old wooden sailing ship. 

Even though it was a long step up to our present compara- 
tive safety at sea, there are still many causes for loss. These 
may be considered under the headings of foundering, strand- 
ing, collision, and fire. 

Foundering is the loss of a vessel because the severity of the 
weather is more than the ship can stand. It is probable that 
on rare occasions the weather will be so bad that nothing a 
man can construct will withstand it, but apart from these very 
exceptional cases every seaworthy ship should be able to stand 
normal bad weather. The failures which have occurred from 
this cause have sometimes been due to faulty design of hull 
structure or deterioration of what was originally a good ship; 
or it may be due occasionally to bad distribution of the load 
bringing undue stresses on the hull. During the last thirty 
years there has been on the average one known failure of the 
hull each year due to combination of poor design (particularly 
when the deck is under compression) and unwise loading. The 
great majority of cases of foundering however are due to 
failure of the structure to remain water tight. If the openings 
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her departure it may be impossible Se 
: Control...c} 
to make them tight should bad Switches | 
weather occur on the voyage and 
water continue to come in in greater 
quantity than the pumps could con- 
trol. This is especially the case if the 
admitted water should find its way to 
coal bunkers, as it will wash out the 
small coal and choke the pumps. This 
was the prime cause of the loss of the 
Vestris. 

Another source of danger is in the 
weakness of the wood covers which 
are put over the cargo hatchways. 
When hatchways are made according 
to the classification society rules and 
kept in good condition, these can 
withstand a blow from a heavy sea, 
but if allowed to deteriorate they 
may fail in emergency and cause 
flooding of the hold. In more modern 
ships these temporary wood covers are 
being replaced by steel structures, 
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are comparatively rare with modern 
vessels. 

Loss by stranding is primarily due 
to defective navigation, although in 
the early days—when charts were 
meagre, and for many parts of the 
world non existent—the navigator 
could not be blamed for striking 
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every other ship within a radius of 
fifty miles. 

There remains always the danger of 
ice, not only the berg, but the 
“‘srowler’’ which is generally a more 
dangerous thing, and when fog and 
ice are together the wise navigator 
stops his ship. Every captain is re- 
luctant to do this, as most ships now- 
adays are run on a time schedule and 
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a delay of even a few hours means ex- 
: Light Beams pensive overtime on arrival to make 
Ne up the lost time. On one occasion 
Ht when crossing the Atlantic the writer 
is A was in a ship which for thirty hours 
bi Al did not have a turn of the propeller, 
Flare but just drifted in the fog. The cap- 
(Pipeénd) | tain said, “this will cost the company 


a lot of money,” and then with a grin, 
“but it will be cheaper than repairing 
her.’’ When the fog lifted, two miles 
dead ahead was an iceberg, as large 
as the whole of the Institute build- 
ings, which we would inevitably have 
struck had we continued our voyage 
in the fog. 

Fire has been the most dreaded of 
the perils of the sea and it is only now 
that the problem of fire prevention on 
ships is receiving the attention which 
it deserves. In the early days of wood 
ships, sails, and tarred hemp rigging, 
there was little about the ship that 
was not combustible and a fire once 





shoals and rocks whose existence had 
not been previously recorded. Mod- 
ern charts are very complete and 
modern navigating appliances have 
reached a high state of perfection, 
both of which have aided materially 
in averting loss due to stranding. 

The gyro-compass, although it is unaffected by local mag- 
netism and, therefore, is neither concerned with deviation nor 
variation, has its own peculiarities, and no ship trusts to it 
alone for the modern magnetic compass is a wonderfully 
accurate instrument. 

The radio time signals which now give Greenwich time ac- 
curately make the navigator independent of the chronometer, 
and, provided the air is not obscured, enable him to obtain 
his position with remarkable precision. 

The depth sounding machines, which, beginning with 
Kelvin’s tube sounder of the 1880's, and continuing through 
to the sound echo systems of today, give valuable information 
to the navigator when he is in a fog or snow-storm. 

The radio beacon, if properly understood, is also a valuable 
aid, so that while strandings still occur, they have been very 
much minimized. 

Loss by collision can generally be ascribed to lack of care 
in navigating the ship. Collisions have occurred in broad day- 
light for which there is no excuse as the rule of the road at sea 
is very explicit and if obeyed should entirely prevent coltision 
between ships. Of course as in the case of stranding there is al- 
ways the danger of fog and snow to obscure the other vessel, 
but the radio communication between ships is now so efficient 
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Schematic diagram of a smoke detector. 


established could not be extinguished 
by any appliances available. The 
largest of the Donald MacKay 
ships, the Great Republic was 
burned before she was able to make 
a voyage, and although she later 
was reconditioned she was never as 
big as her builder had intended her to be. 

Fire may occur either at sea or in harbor, the latter being 
the more frequent occurrence. Harbor fires, however, have the 
advantage that the fire fighting appliances available are more 
numerous and generally more effective. 
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EDITORIALS 


OPEN HOUSE 


HE coming of Tech’s annual spring exhibition might call 

to mind the question: Why does the Institute present this 
performance every year? Obviously, Open House is not put on 
for advertising purposes. The proof of this lies in the fact that 
enrollment has always been necessarily limited. 

The answer to this question was brought out recently by the 
President of Harvard University, James Bryant Conant. The 
public must be made to realize the value of learning in our 
present society. People, in general, are too apt to consider 
colleges as halls of mystery, which, in their own ignorance, 
they blame for their troubles. If they are more moderate in 
their views, they condemn the university because of its lack of 
utilitarianism. Actually this was very much the case in the 
days of Cromwell, but now this picture exaggerates conditions. 
Only as long as the college can justify itself in the public’s eye 
will schools of higher learning be free from this accusation. 
Open House, therefore, is a means to this end. 

Even a casual survey of the Open House exhibits convinces 
one that considerable preparations have been made. Elabo- 
rate displays, interesting demonstrations and lectures, and 
efficient guides, are all the results of a tremendous, mass or- 
ganization. A schematic outline would show that on this day, 
the faculty, the undergraduates, and the Institute personnel, 
work as a single unit, to an extent not approached by any 
other Institute event. 

Open House, therefore, is an occasion which should not be 
spurned. Tech men, especially, should not allow their own 
familiarity to breed conteinpt within themselves. The very 
fact that the program is planned to explain for the layman 
what work is being carried on at Technology should be sig- 
nificant to the wide awake Institute man. Here is an unusual 
opportunity to gain a comprehensive view of Technology as 
a whole, within a few hours. 

Break away from the confines of your particular depart- 
ment. Investigate the remote corners of the Institute and 
really enjoy yourself as a spectator of the Institute’s activity. 


ANNOUNCEMENT 


The Managing Board ‘takes pleasure in announcing the 
election of the following men to the staff of the magazine: 
George D. Cremer, ’39; Robert S. Laird, ’39; John C. H. Lee, 
Jr., 39; Carl G. Lenk, ’°39; Thomas E. Langs, ’39; Albert S. 
Roberts, ’39; and Richard 8. Leghorn, Jr., ’39. It is hoped that 
these men will continue their excellent work and carry on to 
future promotions. 
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MEN WANTED 


ANTED: for permanent employment in positions with a 
future :— 

(1) Men of sound, dependable body who keep themselves 
both clean and neat without being conspicuous about it. 

(2) Men who have sufficient mental capacity and correct 
habits of alert thinking to be able to make original and worth- 
while contributions to the conduct of our business; who try 
to see every problem as a whole not forgetting that it has a 
past and a-future; who have habits of substantiating all con- 
clusions before acting on them; who realize that there is no 
such thing as menial labor—there is only the menial spirit ;— 
who do not belong to that army of small fry who try to guess 
what the big boss is going to want and who act accordingly, 

(3) Men who not only can work with others, but who 
actually make others want to work with them because of their 
good taste, integrity, emotional stability, self-restraint, sense 
of proportion, and especially because of their desire to develop 
“power with’’ the other men in our organization by the inter- 
weaving of the varying abilities, needs, and interests of all, 
instead of seeking that shallow “‘power over’’ others which is 
mere domination. 

(4) Men who take for granted things like honesty, loyalty 
and reliability, instead of considering them as virtues worthy 
of a director’s chair in our organization. We feel that a man 
could not be even a good garbage collector without these 
qualities, so please do not fool yourself or waste our time using 
such indispensable virtues as arguments for employment or 
for advancement. But if you lack them, remember we do not 
want you in our organization—anywhere! 

(5) Men who have sufficient guts and ambition to think out 
and to carry out a plan for worth-while personal growth that 
has both distance and direction. 

We sometimes employ other types of men, but not for 
longer than we can possibly help. 


—F. Alexander Magoun, 
Associate Professor of Humanics 


CONSERVATION 


Fa essing have varying beliefs concerning the 
preservation of our country’s wild life. Each of them 
has realized with either dismay or unconcern that this 
wooded spot is no more, that that rocky stream is dried 
up. 

Some are definitely nature’s adversaries. They are 
those who would just as soon have every meadow and 
vale planked with concrete, or those who would white- 
wash every stone and make lawns and little brown 
paths between the trees. Some are too definitely nature’s 
friends. These sturdy folk are fanatical in their cries of 
“Let nature form her own beauty; ““Make her inacces- 
sible.”” Many of our friends from Vermont, outing club 
leaders, “real” sportsmen and outdoor magazine au- 
thors belong to this group. Unaccountably, they abhor 
any not “‘of them” and refuse to give any concessions to 
the other side. Perhaps the magic stillness of the forest 
breeds a narrowness. 

The rest of the Americans, though a much larger 
group, have little to say. One hears scraps of conver- 
sation as “synthetics versus basic materials” and 
“My dear, something really must be done about our 
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forests.” But these snatches go no farther than across the 
room and soon lose themselves in the abyss of small talk. 

Therefore, American conservation interest is divided into 
two small camps that never compromise. Pests ravage forests 
every where; while the C.C.C. organization spends thousands, 
white-washing stones and digging ditches twice. Hot-dog 
stands and bill boards hide the willowed brook. The rabid 
friends and enemies of nature are alike at fault. To solve the 
problem, our sluggish middle group must make an issue of 
conservation. Perhaps another T. R. will take it to his 
standard. 


FIFTIETH ANNIVERSARY 


HIS year the engineering world commemorates the fiftieth 
anniversary of the first successful transmission of alter- 
nating current for lighting purposes. In 1886, at Great Bar- 
rington, Massachusetts, William Stanley, a young engineer in 
the employ of George Westinghouse, made the first installa- 
tion of the alternating-current system. After the commercial 
possibilities of this system had been proven at Great Barring- 
ton, the first commercial alternating-current installation was 
put in operation in November, 1886, at Buffalo, New York. 
After a successful demonstration, The Buffalo Daily 
Courier stated that: “*. . . it is within the range of possibility 
that a station may be erected at Niagara Falls for the purpose 
of supplying the whole of western New York with an incan- 
descent system.’ Ten years later, the Niagara Falls-Buffalo, 
23 mile, 11,000-volt transmission line was established. 

Although today more than 95 percent. of the electricity 
generated in this country is in the form of alternating current, 
fifty years ago, this type of current was in general disrepute, 
especially for transmission purposes. Such men as Thomas 
Edison and Lord Kelvin condemned it in favor of direct-cur- 
rent transmission. The supporters of the new system included 
the now famous scientists, Elihu Thomson and Nikola Telsa. 
Soon the manifold advantages of this form of electricity be- 
came known, and the alternating-current system began to dis- 
place the direct-current system universally. 

From the first small transformer which Stanley invented in 
1886, the electrical industry has progressed rapidly from a 
position of that of a luxury in the 1890's to that of an absolute 
necessity in the early 1920’s. Electricity has progressed under 
the initial impetus provided by the Stanley transformer until 
it now occupies a position of first magnitude in the fields of 
luxury, necessity, and convenience, not only in the United 
States but in the whole civilized world as well. 
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ELECTRIC SHOVEL 


'P.HIS monster shovel can pick up a 50-ton load and place 

it on top of an ordinary six story office building. It is being 
used in coal stripping operations by the Northern Illincis 
Coal Corporation. The dipper, which has a rated capacity of 
32 cubic yards—about 40 cubic yards when heaped up—is 
fabricated from aluminum plates and books with an armor 
of wear-resisting steel at critical 
points. The boom is over 100 feet 
long and the dipper arm is over 65 
feet in length. The shovel is con- 
trolled by one operator through a 
new magnetic control system. This 
control makes possible the handling 
of a dipper-load in 45 to 50 seconds, 
enabling the shovel to handle 1,000,- 
000 or more cubic yards of material 
per month. All of the propulsive 
machinery on it is electrically driven, 
with a total rating of over 3,500 
horse-power. 

—General Electric Co. 


THE “SLINGER-RING”’ 
DE-ICER FOR PROPELLERS 


HE latest advancement in the 
protection of aircraft from ice 
formation is the development of the 
slinger-ring type of propeller de-icing 
equipment, which together with wing 
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de-icers (already employed) is per- 
mitting regular flights to proceed 
through what has heretofore been 
considered hazardous conditions, and 
therefore avoided. 

The slinger-ring is a mechanical 
device which delivers a small con- 
tinuous supply of oil to the propeller 
hubs. Here it is spread the length of 
the blade by the combined effect of 
centrifugal force and the airstream. 
It has been found in tests that if a 
fluid such as alcohol is used, this 
method will remove ice that has 
already formed and also prevent its 
further formation. The supply line 
is a small metal tube, which runs 
from a supply tank in the fuselage 
out through the wing and around the 
nose to pour the fluid into the an- 
nular collector ring. This ring is in 
the form of a circular trough, about 
>a foot in diameter and five-eighths 
inch by one-half inch in cross section, 
fastened to the back of the propeller 
at the hub. The end of the supply 
line projects slightly within the ring 
to keep the airstream from the fluid. 
Once in the revolving ring the liquid 
is}dispersed by pipes leading from the ring to the hubs of 
the propeller blades. 

A spinner mounted over the hubs of the propeller blades 
is an essential part of the system. It keeps the hub free of the 
eccentric masses of ice, and also prevents ice from forming in 
the annular ring or distribution tubes during period of in- 
operation. 

On one prolonged flight through severe conditions, ice 
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was built up to a depth of from six to eight inches on the nose 
of the ship and on the wing tips beyond the area protected 
by the wing de-icers. The fin antenna-wire was iced up until 
it was five inches in diameter, but the slinger-ring kept the 
propeller so clean that the engine ran smoothly at all times. 

— Aero Digest 


DIESEL VILLAGE 


HE Clairvivre Village Settlement at Salagnac, Dordogne, 

France, is a town that is entirely dependent upon the 
operation of seven four-cycle Diesel engines. The private 
homes are heated directly by electricity supplied by the Diesel- 
electric plant. The larger buildings, however, such as the 
hotel, hospital, dispensary, general stores, and small shops, 
are heated centrally by a hot water system, the water of which 
is heated by the exhaust gases from the Diesels, which drive 
the generators. 

The electric energy required for heating and lighting in the 
coldest weather, is about 60,000 kilowatt-hours daily. The 
seven Sulzer Diesels, developing 920 brake horsepower at 250 
revolutions per minute, are directly coupled with Grau alter- 
nators that have a peak output of 700 kilowatts each. The 
maximum efficiency of the Diesel-electric units, with the load 
divided among them, is about 34 percent. The fuel consump- 
tion is thus only 0.51 pounds per kilowatt-hour. Therefore the 
peak daily consumption of fuel would be about 30,400 pounds. 

The heat available from the engines, for heating the water, 
is about 66 percent. of the calorific value of the fuel. Each 
Diesel at full load requires 20 tons of water per hour for cool- 
ing, and the temperature of the water is raised to 27 degrees 
Centigrade during its passage through the cylinder jackets. 
The water, about 2000 tons per day, then flows into a tank of 
45 ton capacity, and from there to separate boilers, smoke- 
tube type, where it is heated to a temperature of 85 degrees 
Centigrade. Fourteen hundred tons of water daily are required 
for the buildings. The efficiency of utilization of fuel is conse- 
quently 63 percent., which is practically equivalent to the 
efficiency of an oil-fired boiler in industrial service. The water 
at 70 degrees Centigrade is utilized for heating not only the 
buildings but also the water for the hot water system. 

—Sulzer Technical Review. 
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AIR CONDITIONING TRANSPORTS 


ESIGNED to in- 

sure greater com- 
fort for both passen- 
gers and crew of the 
modern airliner, a new 
type air conditioning 
device has been de- 
veloped for use while 
the plane is on the 
ground. The devices, 
models of which have 
been placed in service 
on the route of one of 
the major airlines, are 
intended for the pur- 
pose of making air- 
craft cabins more 
comfortable, from the 
standpoint of temper- 
ture, while passengers and cargo are being loaded. The 
system applies both to summer and winter, since the condi- 
tioners keep interiors cool in the summer and warm in winter. 

Operating on the refrigerating properties of brine, the new 
unit is converted for winter use by heating the brine to a 
temperature of 210 degrees F. The degree of heat sent into the 
airplane may be regulated and comfortable temperatures 
easily produced. The conditioner is in a large oblong case, 
mounted on rubber tired wheels. It is connected to the plane 
by a flexible hose through which warm or cool air, depending 
upon the season, is sent into the machine. 

In the winter time, its effect is to maintain warmth within 
the airplane cabin until the plane’s engines have been started 
and the thermostatically controlled steam heaters have 
started functioning. In hot weather, it creates and maintains 
cool temperatures until the airliners have taken off and 
climbed into cooler air. 





—Aero Digest. 
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RESEARCH 


IN REVIEW 





COURSE Il 


HE normal process of fatigue testing determines the 

- maximum load which a smooth specimen will endure 
without failure after a large number of reversals of stress. 
Professor A. VY. deForest has recently pointed out that, in 
this accepted method of fatigue testing, the results should 
not be considered conclusive. His reason for this assertion 
is the fact that there is no comparison between the number 
of reversals needed to start the crack and the number needed 
to propagate the crack to failure. In view of this fact, Pro- 
fessor deForest has proposed a method which would deter- 
mine the stress and number of reversals required to start a 
fatigue crack, and the resistance of the material to the effect 
of a fatigue crack once it has formed. 

In applying this method in a series of experiments, F. W. 
Magnuson, °35, obtained some interesting results. A set of 
low-carbon, cold-drawn specimen bars were tested, and at 
intervals during the tests were magnetized and inspected 
with finely divided iron oxide in a bath of kerosene. It was 
found that the rate of growth of a fatigue crack was constant 
in a given material and independent of the number of cycles 
required to start a crack, and that a different metallurgical 
condition of the same material would markedly change the 
rate of progress of a previously formed crack. An interesting 
sidelight on the tests was the experimental fact that the iron 
powder could locate cracks of a length just visible when mag- 
nified 100 times, that is, cracks less than a few thousandths 
of an inch Jong. 

Work is now being continued on the measurement of notch 
sensitivity in steel using the natural notches of the fatigue 
crack, and measuring the rate of progress and the load re- 
quired to propagate the cracks. 


Mechanical Engineering 


COURSE Ill 


ANY kinds of research are in progress in the Depart- 

ment of Mining and Metallurgy. The present review 
deals only with the work now under way in the Division of 
Physical Metallurgy. Other aspects of the Department 
research will be reviewed later. 

Four types of investigation are concerned: (a) magnetic; 
(b) metallographic; (c)X-ray studies; and (d) heat treatment 
investigations. 

Under the general charge of Professor Bitter, studies of 
metals with respect to inhomogenities are being carried out 
with the aid of a colloidal suspension of magnetic material. 
Steel, when placed in a magnetic field, attracts the magnetic 
particles to definite areas and, in this way, can be made to 
reveal the “‘magnetic structure” of the metal. Embodying 
this fact as a method for microscopic analysis, it has been 
possible to study a sub-crystalline structure in ferro-mag- 
netic crystals. 

The most powerful electromagnet of its kind ever built is 
being installed in one of the Edison Electric Company sub- 
stations. This will be ready for operation in the summer and 
is expected to develop 100,000 gauss. It is believed that a 
study of the magnetic properties in a field of this magnitude 
will throw light on the behavior of the electrons in metal. 

Professor Homerberg is continuing his studies of the sur- 
face hardening of steel and cast iron by nitrogen. Among 


Mining and Metallurgy 


the many important phases of the general problem may be 
mentioned the use of nitrogen hardening for parts of torpe- 
does and for armor plate. Investigations are being carried 
out with special types of cast iron which, when hardened by 
nitrogen, are being used successfully in making cylinder 
liners for busses, trucks, and Diesel engines. 

The study of the age-hardening of alloys is being carried 
forward by Professor J. T. Norton. X-ray examination of a 
number of different alloy systems has already given much 
information with regard to the behavior of these interesting 
and important alloys, and it is believed that a fairly complete 
picture of the complicated mechanism will be obtained shortly. 
In the field of Radiography, a detailed study of intensifying 
screens is being made. 

Professor Zavarine’s high speed photographs of steel dur- 
ing the actual quenching operation, taken in co-operation with 
Professor Edgerton, have attracted world-wide attention. 
He is now continuing these studies, using the high speed 
moving picture camera that takes 1000 pictures per second. 
The experimental difficulties, especially with respect to the 
illumination of the specimen as it drops into the quenching 
liquid, were very great, but the first films produced are sur- 
prisingly good. It*is certain that after some minor changes 
in method, a most interesting and unique set of moving pic- 
tures will be obtained. 


COURSE VIII 


EIGER counters are small, simple looking tubes, which 

have all but revolutionized important parts of atomic 
physics. They have the property of giving an electric dis- 
charge whenever an electron, proton, alpha-particle, or cos- 
mic-ray particle, passes through them. These swift projectiles 
break through the wall of the tube without making a hole or 
encountering appreciable hindrance and produce a discharge 
inside, which can be amplified enough to flash a light or work 
a mechanical counter, automatically indicating the number 
of discharges which have taken place, and thus the number 
of particles which have passed through the tubes. It is the 
most sensitive detector for nuclear investigation, and its 
use has opened up regions of research that were unattainable 
when the electroscope was the best detecting instrument. 
To understand this useful instrument more completely Pro- 
fessor R. D. Evans is making a comprehensive investigation 
of counter characteristics. A bank of twenty counters is 
continually operating, each indicating its total count on a 
dial, day and night, and at intervals of twenty minutes a 
photograph is automatically taken of the readings to give 
a permanent record. The counters are counting cosmic-rays, 
and the natural radioactive disintegrations from the sur- 
roundings. From the great mass of data so obtained, it will 
be possible to get much more exact information about coun- 
ter characteristics than is now available, with consequent 
improvement in the interpretation of nuclear and cosmic 
ray experiments. 

The discharge of the counters is governed by statistical 
principles, and they exhibit much fluctuation. Their study 
is thus of a very different sort from most definite and precise 
physical experiments, and it is for this reason that so many 
counters and such a long period of observation must be used. 
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To improve the statistical theory of counters, Mr. L. I. 
Schiff, a teaching fellow working with Professor Evans, has 
has just completed an elaborate theoretical study of the whole 
problem. 

A recent experiment with counters, though not performed 
at the Institute, threatens to upset what has been considered 
for some years to be a definite physical fact: the propagation 
of light in small, definite, and discrete particles of energy, or 
photons. There is no doubt but that atoms take up or give 
off energy in these discrete units, but a number of years ago 
it was suggested by Professors Bohr and Kramers, of Copen- 
hagen, and Professor Slater, that there was no evidence that 
the discrete units were really present in the radiation. As an 
alternative it was suggested that radiation was really con- 
tinuous, but that conservation of energy between matter 
and radiation held only in a statistical sense, so that energy 
could be absorbed or emitted in finite amounts by atoms 
without corresponding finite changes in radiation energy. 
This seemed to be almost immediately disproved by experi- 
ments of Bothe and Geiger in Germany, and of A. H. Comp- 
ton and Simon in Chicago, who attempted to show by study 
of single atomic processes that when an atom made a transi- 
tion, a photon was simultaneously ejected or scattered. But 
new experiments of Shankland, another student of A. H. 
Compton, using the new technique of counters to detect 
the events, appear to show that the photons really are not 
ejected at the same time as the atomic process, and that the 
coincidences observed before were fortuitous. It thus seems 
possible that we must go back to the earlier ideas of Bohr, 
Kramers, and Slater, making a considerable revolution in 
our fundamental physical ideas. It should be emphasized 
that if this is done, however, it will in no way invalidate the 
great advances which have been made by the use of the 
photon theory, but will merely lead to a slightly different 
interpretation of them. 


COURSE VI 


URING 1932 a survey of cosmic-ray intensity over the 

surface of the earth was undertaken by Professor A. H. 
Compton, under the sponsorship of the Carnegie Institution 
of Washington. The immediate result of this survey indi- 
cated a decrease of some 14 percent. in the intensity of the 
radiation in the region of the magnetic equator. This decrease 
in intensity, when submitted to proper analysis with the aid 
of the differential analyser, showed that a majority of the 
incident radiation must be corpuscular in nature, rather 
than consisting of electromagnetic waves as had been sup- 
posed previously. Many Technology students, staff mem- 
bers, and alumni, including Professor M. 8. Vallarta of the 
Department of Physics, Professor R. D. Bennett, E. P. Beck- 
with, 01, E. H. Bramhall, M.S. 1928, M. P. Egleston, ’31, 
W. P. Overbeck, ’34, C. A. Hedberg, ’36, G. S. Brown, and 
H. A. Rahmel, ’34, took part in these studies. 

The next logical step in the investigation of the cosmic 
radiation lay in the study of its variations with time. To this 
end, a new meter was designed for measurement of variations 
in the intensity. Seven such meters have been built and are 
now being set up at different points on the surface of the 
earth. These are recording instruments and their records of 
intensity over a period of years will be analysed and compared. 
It is hoped that the correlation of this data will give clues to 
the origin of the radiation in space or time. 

One of these instruments has been stationed at the Insti- 
tute for the present year, and is being used in a study of the 
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localized bursts of cosmic radiation which occur occasionally. 
These bursts, whose cause is as yet unknown, indicate their 
presence by the sudden appearance of comparatively large 
amounts of ionization in the chamber of the meter. The 
effect is thought to result from the simultaneous arrival of 
thousands of rays originating in some sort of atomic cata- 
clysm which has taken place near the instrument. The imme- 
diate study consists of an examination of the relation between 
frequency of the bursts and the nature of the absorbing 
medium above the instrument. This work is being carried 
on by Professor Heyworth of Wellesley College and Professor 
Bennett of the Department of Electrical Engineering. 


OR his doctorate thesis, Mr. G. B. Hoadley is under- 

taking a study of the surface conditions of condensers 
with a new and different method of attack than has been 
formerly used. The method employed utilizes the fact that 
from the condensation of a gas on the surfaces of the plates 
of an electrical condenser there will result an electrical resis- 
tance; then, if measurements can be made of this resistance, 
the results may be interpreted in terms of such things as 
conditions of the dielectric and surface layers both within 
and without the metal. It is also possible that there might 
be a volume effect, but this may be separated by making 
measurements at different frequencies. 

The research now in progress includes the construction of 
several condensers so designed that they can be enclosed in 
glass tubes. These tubes can be evacuated or filled with 
various gases, thus enabling measurements to be taken under 
different conditions. The measuring circuit is essentially an 
alternating-current bridge, especially designed for measure- 
ment of very small imperfection angles in condensers fitted 
with guard circuits so that the loss in the supports is not 
measured. 

Preliminary results indicate that both the rectifying action 
of surface layers that may be formed and the effects upon a 
condenser, when the gas dielectric is near its critical tempera- 
ture-pressure point, may be studied. Final results, however, 
will not be made available until a large amount of additional 
data is recorded. 





Professor Bennett with new meter designed to measure 


Cosmic ray intensity. Seven meters of this type 
have been installed throughout the world. 
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to interfere with the flow of work. 

Since the automobile became a quantity article, magnificent 
progress is being made by both the engineer, the tool builder, 
and the toolmaker. The closest co-operation between these 
three is all-important in the final result. The old bickering be- 
tween the engineer and the shopman, so prevalent in the early 
days, has practically disappeared. Any important change in 
design today is the subject of careful mutual check by all 
parties before release, in order that the job may be put in pro- 
duction with the fewest possible changes in the drawings. 

In the early automobiles a lot of things had to be done by 
the cut and try methods. Materials were not always available, 
tools not always the last word, and the public was generally 
patient with the result. Today, however, with the highly com- 
petitive condition of the market, which has had everything to 
do with getting the motor car where it is, the customer ex- 
pects a car that will perform up to specifications, and give 
service, say for twenty thousand miles with only minor re- 
pairs. The trade will not accept experiments on the road. They 
must be done in the laboratory, or on the proving ground be- 
fore the job is released. Also, the industry today furnishes a 
greater range of variations in its product with respect to ap- 
pearance, wheelbase, finish, and appointments than ever 
before: and this element of styling must be kept fresh and 
up-to-date always. 

The volume of motor cars is with us to stay. The greatest 









Standard 
Instruments 
of Precision 





C. L. BERGER & SONS 


Incorporated 
Established 1871 


37 Williams Street 
BOSTON 19, - MASS. 





~ 


“™~ 


SAMSON SPOT SASH CORD 
= ee = — ay < 





asset we have in the motor car business is that everybody 
likes to ride, and the extent to which the manufacturer suc- 
ceeds in getting his share of the business can be measured by 
his ability to furnish this ride. 

The idea of mass production in simplest terms means that 
we build a car, test,and prove it, and then build in a number 
of cases hundreds of thousands like it. 

There is only one thing that will make a country go for- 
ward, and that is being able to produce better things at lower 
costs so they will reach a greater number of people. To do 
this, gives rise to many problems of production. The problems 
are solved by the ability to plan, manage, and produce. 

There is no doubt but that people will always like to ride in 
an automobile. There is no doubt but that the motor car busi- 
ness is with us for a long time to come. There is no doubt but 
that people will want to get something better out of motor 
cars than they are getting now, and they are getting the best 
motor cars now that we know how to build. 

It would seem that the progress that has been made will be 
very small compared with the progress that will have to be 
made during the next decade. The development of a motor 
car will probably lie in the direction of lower maintenance 
costs when a car is running. With improved fuels we will be 
able to get higher compression. Not only will the elastic limit 
have to be known, but also how far that elastic limit can be 
exceeded. 

One thing is known, and that is, if the products are good, 
people will buy them; and if people are treated well, they will 
buy again; that, fundamentally, is all there is to business. 
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ATOM—PROBERS 
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handle photocells, amplifiers, thyratrons, interferometers, and 
complex machines than it was in the sailing-ship era of his 
craft. 

One of the most direct applications of spectroscopy to in- 
dustry is the qualitative analysis of materials, which can be 
done for atoms by studying the emission spectrum, and for 
molecules by studying the absorption spectrum. To determine 
the chemical elements present in a mixture or compound one 
need only put a small sample of the material to be analyzed 
between the poles of an electric arc or spark, and photograph 
the spectrum of the resulting light. An analysis of the line pat- 
terns then reveals all atoms which are present in concentra- 
tions greater than a certain minimum, which varies from atom 
to atom, but which for many atoms is less than one part in ® 
million, and for some, one part in a billion. 

An idea of the very small amount of material that can be 
detected spectroscopically is given by the following experi- 
ment which I have recently carried out. A 0.1 milligram 
sample of material known to contain less than 10% vanadium 
was placed in an electric arc between very pure graphite elec- 
trodes. The vanadium lines were observed spectroscopically 
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for over 1000 seconds, while the electrodes burned away for 
over 34 inch, and at the end of that time still had sufficient 
intensity to be photographed with a high-power spectrograph 
in 1/10,000 second. The amount of vanadium consumed in th 
arc was not over 10° grams per second, so not more than 107 
grams of vanadium was used up while the picture was being 
taken to detect it. This does not necessarily mean that one 
could detect 10°" grams of vanadium spectroscopically if only 
this amount was in the are, but there are indications that un- 
der suitable conditions even this could be done. 

Granting that spectroscopic qualitative analysis is quick 
and accurate for most elements, how complete is it? It is often 
stated that the method cannot be used for gases, for the halo- 
gens, for sulfur and selenium, and for the heaviest elements in 
the periodic. table. In the Institute laboratories new methods 
which are industrially practicable have recently been worked 
out for sulfur and selenium, and some of these methods can 
be extended to cover the halogens and the gases. The only 
difficulty with the heaviest elements is that they have so many 
lines that none are particularly sensitive, but we know now 
how to get around this and developments in this direction are 
under way. 

An interesting outgrowth of qualitative spectroscopic 
analysis is the internal “‘branding” of manufactured products 
with hidden spectroscopic “trade marks.”’ If you manufacture 
a patented kind of chewing gum, and find that a firm in Mex- 
ico is infringing your patent, but can’t prove it in court be- 
cause the Mexican gum is identical with yours, just get a 
spectroscopist to determine all the atoms in both kinds of gum, 
and then dump into your mixing vats a small quantity of some 
material containing two or three elements not normally 
present in either gum. Only a few parts per million may be 
necessary to enable these branding atoms to be picked up 
spectroscopically, and this quantity is usually so small as to 
have no effect on the gum or the chewer thereof. To further 
strengthen the evidence, and to make the brand more difficult 
to duplicate, one can use a known set of ratios of concentra- 
tions of the marking atoms. 

Nature has already made use of this method of internal 
branding, since often different varieties of coal can be traced 
to their seams of origin by spectroscopic detection of impuri- 
ties present in them. 

(Continued on page 74) 
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ATOM—PROBERS 
(Continued from page 72) 


Although at first sight amounts of impurity under 0.01% 
might appear negligible, this is often far from true. The con- 
ductivity of copper wire is greatly influenced by small amounts 
of various impurities, and the molding properties of zinc 
alloys are extremely sensitive to magnesium. Sometimes it is 
found that to duplicate the “‘purest’’ materials impure sub- 
stances must be used. Thus the type of bismuth sub-nitrate 
crystal thought purest by the druggist was found to be im- 
possible to make from electrolytic bismuth spectroscopically 
free of silver. 

Unfortunately molecules are not quite so simple to detect 
spectroscopically as are atoms. If placed in the electric arc 
they tend to dissociate into their constituent atoms, so absorp- 
tion methods are commonly used. In these, light is passed 
through the solution or solid under investigation, and a study 
is made of the spectrum with the object of determining which 
wavelengths sent into the material do not pass through it. 
Since there are more kinds of molecules than of atoms, and 
since the absorption bands are broader and hence less uniquely 
representative than the patterns of sharp atomic lines, less 
rapid progress has been made in this field than in that of 
emission analysis. Much can be done, however, and biologists 
in particular are using this method extensively. 

Spectroscopic quantitative analysis is still in its infancy, but 
shows great promise. It is usually superior to chemical wet 
methods both in speed and in accuracy when the concentra- 
tion of material is less than 1% and greater than 0.0001%. 
It is a null method, and requires the preparation of samples of 
known concentration for calibration purposes. Such calibra- 
tion need not be carried out for each experiment, however, 
and the method is coming into wide adoption in industry. 
Twenty tons of copper can be quickly spoiled if heated too 
long in a furnace while impurities are being burned out; 60 
seconds is sufficient for visual spectroscopic determination of 
almost any metallic impurity, and under standard control 
conditions there is no reason why a continuous record of im- 
purity concentration should not be made. 

One of the functions of the Spectroscopy Laboratory at 
M.I.T., in addition to carrying on a full program of research 
in atomic structure and related fields, and to developing new 
applications of spectroscopic methods, should be to turn out 
men skilled in both pure and applied physics with good spec- 
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troscopic training. Also a sincere effort is being made to co- 
operate fully with workers in other fields who can make use 
of the spectroscope to further their projects. Most of the equip- 
ment of the laboratory is set aside for this purpose during the 
summer months, and over seventy non-physicists have 
worked in the laboratory in this way during the past three 
summers. A certain amount of medical research work is also 
carried on in the laboratory during the school year, by 
graduate Fellows supported by the Rockefeller Foundation. 

From these various activities it should be easy to see that 
the spectroscopist, during his breathing spell, has available 
any number of lungfulls of that invigorating atmosphere 
which is so stimulating to any true scientist in a growing field. 
His job can be just as big as he makes it. 


SAFETY AT SEA 
(Continued from page 65) 


In coal burning ships there have been many cases of spon- 
taneous combustion starting in the coal bunkers, especially 
with some Australian and New Zealand coals which are of a 
“firey” nature. Some cargoes also are suspected of spon- 
taneous combustion, especially those of fibrous nature, al- 
though it is doubtful if fibres really originate fire, rather than 
smouldering indefinitely when they are ignited. A fire once 
broke out in a cargo of cheese, having been started by the 
friction in the wire binding the boxes against the hull of the 
ship. 

Fires, however, have been more prevalent in passenger 
ships. With the large amount of woodwork in the accommo- 
dations of most suclt vessels, they have proven difficult and 
dangerous things to handle. The two main causes seem to have 
been cigarettes and matches on the one hand, and defective 
electrical equipment on the other, the latter being suspected 
as the cause of the serious losses of the French ships Georges 
Phillipar and Atlantique. Passengers are notoriously care- 
less with matches and cigarette ends, and there is surreptitious 
smoking by members of the crew in store-rooms and by the 
steward’s department in empty state-rooms. Grease fires in 
the galleys sometimes start trouble. Oil burners have occasion- 
ally spilled over and caused galley fires. 

Where constant watch is kept the danger of fire is slight, as 
most fires can be put out if caught immediately after they be- 
gin, but if once allowed to get a firm hold it may be impossible 
to prevent a complete burn out, such as happened with dis- 
astrous results on the Morro Castle. 

Fire detection appliances are fitted in most ships, where a 
rise of temperature in any part is recorded on the bridge so 
that the officer on watch is at once informed of its existence 
and locality. Sprinkler systems are coming in on sea as on land, 
one of the first having been fitted in a cross channel steamer 
built by William Denny Brothers of Dumbarton, Scotland 
(Maurice Denny, M.I.T. Course XIII, 1908, President). 

There is of course an ample water supply surrounding the 
ship and with good pumping appliances this can be brought to 
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bear on a fire, but considerable quantities of water are neces- 
sary to put out an established fire, and this water in the bot- 
tom of the ship becomes a menace to stability. One of the cross 
channel steamers running between England and Ireland took 
fire at the wharf and finally upset due to the amount of water 
put into her. Had she not been in harbor it probably would 
have been cheaper to let her stay sunk than to lift and recon- 
dition her, although the latter had to be done owing to her 
position. Carbon dioxide has been used to smother fires but 
must be stored at high pressure in cylinders which means a 
considerable addition to the space occupied and the weight 
carried. Sulphur dioxide apparatus, which is installed in a 
number of ships for fumigating and keeping down vermin, is 
also to some extent a fire protection; although how efficient 
it would be is somewhat in doubt. 

In recent ships fire-screen bulkheads and fire-proof doors 
are fitted inthe accommodations at intervals in order to check 
the spread of flames and quite recently an asbestos curtain 
has been produced which can hang over cabin doorways and 
prevent the flames inside from spreading to the rest of the ac- 
commodations, although not preventing any passenger inside 
from making his escape. Associated with these is an asbestos 
paint which prevents the woodwork around the screen from 
igniting. 

Fire prevention is infinitely better than cure, and while 
every means is being adopted in the most recent ships, such 
as the Queen Mary, to minimize the amount of combustible 
material, eternal vigilance is the price of safety. 

In passenger ships there is constant patrol during the night 
by watchmen whose business it is to look especially for fire 
risk. The crew are drilled regularly during the voyage, not 
only to the boat stations, but also to fire stations, the hose 
being coupled up, smoke helmets adjusted, and everything 
done except actually turning on the water. 

With all the precautions we may take, a time may occur 
when the ship must be abandoned and here we fall back on the 
life-saving appliances. Up till the time of the Titanic disaster 
the life-boats carried depended upon the tonnage of the vessel 
and the bigger ships had insufficient equipment to carry all 
persons-on board. In the case of the Titanic more than 
thirty percent. of the boat capacity was never used. Today all 
passenger ships have boat accommodations for every person 
on board and the modern appliances for getting them into the 
water are such that even against a 15° list the boats can be 
lowered by not more than two men. Many of the boats are 
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SAFETY AT SEA 


(Continued on page 75) 


equipped with power plant and radio. They have food and 
water on board and crews are now trained so that a boat need 
not leave the ship without being in command of a qualified 
officer and manned by men who know how to handle her. 

While the scientific improvements in engineering, which 
have developed since the War, are generally recognized, it is 
not so well known that safety at sea has been developed to an 
equal extent. Recently the British Chamber of Shipping pub- 
lished some interesting figures which showed that British 
shipping is now two and a half times as safe as it was before 
the War, and foreign shipping nearly twice as safe. Even more 
remarkable is the difference in the loss of life. Among officers 
and men during the period 1910-1914 the average was one in 
412, or if we exclude the losses due to the sinking of the 
Tilanic and Empress of Ireland, both of which were en- 
tirely due to human stupidity, the loss was only one in 582. 
During the period from 1922-1926 the loss was one in 976 and 
in the period 1927-1931 it was as low as one in 2250, while 
from 1932-1934 it has fallen to one in 2360. Equally remark- 
able is the reduction in the loss of life among the passengers. 
During the years 1910-1914 the annual average was 429, or 
if we omit the Titanic and Empress of Ireland tragedies, 
the average was 96. In the period 1929-1933 the average fell 
to 22. If we compare this with the number of deaths on the 
roads in Great Britain in 1934, which was 7342, we find that 
for every passenger lost at sea there were 333 people killed on 
the roads in Britain. As the motor fatalities in America are 
on the same scale, if not even a greater one, it is interesting to 
note how much safer it is to cross the Atlantic than to cross a 
busy street in any of our larger cities. 

While this result is intensely gratifying it does not mean 
that we can be complacent about it. There is still room for 
improvement, especially with regard to the fire risk, but it is 
assuring to know that this is being very seriously taken in 


hand, and that a similar reduction in the fire losses will be 


achieved in the future. 
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but the squirrels 
were disgusted 









SLEPHONE engineers had to find a way to stop gray squirrels gnawing holes in | 
Ea lead sheath of telephone cables. Even a tiny hole may let in moisture—short 

circuit the wires—and put a number of telephones out of service temporarily. @, Many 
ideas were tried, but the squirrels gnawed on. Finally the cables were painted with 
black asphaltum and sprinkled with sand. The gnawing stopped. @ Not a major 
engineering problem, to be sure. But thousands 


of strange little problems, too, have been solved 





in order to assure you the world’s fastest and 





most reliable telephone service. 
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“DON’T TALK BACK” 
oy can’t argue with an officer. One G-E engineer 


learned the truth of this modern proverb when he 
was detained by Panama Canal authorities and the 
radio tubes he carried were impounded. The 
officers were convinced that the unfamiliar objects 
were bombs. And when an officer has made up his 
mind, that settles it. The tubes were carted away. 


Some years ago, I. R. Weir, of the General Electric 
Radio Engineering Department, was en route to 
Tegucigalpa, capital of Honduras, Central America, 
to install a radio transmitter. He carried with him 
two of the first large, part-metal radio transmitting 
tubes which had been developed by General Electric. 


“Upon arriving at the Panama Canal,” he relates, 
“I was surprised to find that I was detained for in- 
vestigation on suspicion of carrying bombs. After 
much argument it was decided that I should have 
to leave my radio vacuum tubes in the ammunition 
dump during my stay in the Canal Zone.” 


OAP and water will still be needed to clean 
Junior’s face and hands, but if Junior’s father is 

a florist he will welcome this clean dirt. 
Florists and specialty growers wage a never-ending 
battle against weeds, insects, and plant parasites 


which flourish in greenhouse soil. But reinforcements 
have arrived. Clean dirt may now be economically 
obtained by means of electric equipment developed 
by General Electric scientists. 

Electric heating units, arranged in a wooden bin, 
heat a quantity of soil to a temperature of 160-180 F. 
Heating sterilizes the soil by a process which resem- 
bles the pasteurization of milk, and weed seeds, 
insects, and fungi which are dormant in the soil are 
killed during the sterilization process. In the result- 
ing germless dirt, plants can attain a vigorous, 
uniform growth, free from the competition of weeds 
and the inroads of other plant enemies. 


“AH, WATSON, AN INDUSTRIAL CRIME” 


HE “corpus delicti”—a broken resistance wire; 

the suspect—a defect in the wire; the detective 
—a microchemist. With microscope and analytical 
apparatus of incredibly small dimensions _ this 
industrial superdetective finds tiny crystals of 
sulphate near the break. The trail leads to a nearby 
furnace giving off sulphurous fumes. Thus the 
wire is cleared of suspicion of having been defective, 
and the criminal fumes are eliminated. 


This analysis is typical of many industrial “micro- 
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mysteries” that have been solved in the Research 
Laboratory of General Electric. A development 
from methods devised in the fields of biology and 
medicine, microchemistry has become an indis- 
pensable servant to industry, with accomplishments 
as great as the quantities with which it deals are 
small. 


With thimble-sized beakers, and test tubes as small 
as 1/50 of an inch in diameter, the microchemist 
analyzes quantities of material 17,000 times lighter 
than a drop of water. He has defined a new unit 
of mass, the gamma, one millionth of a gram. A 
streak of dirt, a smudge, a minute pit mark—all 
these can be taken into the laborat with a 
reasonable assurance that the microchemist will be 
able to provide the answer to the problem. 
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